there is a critical value of the damping parameter and propagation angle, beyond which it does not exist.
Introduction
Magnetostatic surface waves (MSSW) propagating in ferrite films are the basis for the construction of number microwave devices for analog data processing, information transfer and control of high frequency dynamics [1] [2] [3] [4] . Minimization of wave losses is a key requirement for its correct work, however the MSSW damping is not studied enough as the vast majority of research is performed without consider attenuation [4] [5] [6] . Although, the damping may significantly transform the dispersion law [7] . In particular, it limits the maximum value of the wave number, which results in reasing the minimum value of the signal delay time.
In the most invesigations [3] [4] [5] [6] [7] , propagation of MSSW is studied in the special case when wave is transferred perpendicularly to the direction of the permanent external magnetic field. However, the wave propagation at arbitrary angles is essential for some devices, such as multichannel filters [1, 2] . Hence, the aim of this research is to analize the influence the damping effect on the dispersion of MSSW at arbitrary angles.
Brief theory
The geometry of the problem is the following. An unbounded ferrite slab of thickness d is magnetized to saturation 4π ⃗ M by the constant field ⃗ H. The Cartesian coordinates Oxyz are chosen so as the origin is at the middle of the slab thickness, the Oyz plane is parallel to the plane of the slab, and the axis Ox is perpendicular to latter. The Oz axis is oriented along the field ⃗ H. The wave vector ⃗ k lies on the Oyz plane and is tilted by the angle φ with respect to the axis Oy.
It is assumed that the medium is homogeneous and isotropic. Waves are generated by a source with a predetermined frequency ω. Thus, the wave amplitude can only be reduced if the wave number is the complex value:
The Landau-Lifshitz equation with the dissipative term of the Gilbert form is used to describe the motion of the magnetization vector ⃗ m in a lossy medium (with the damping coefficient α). In this geometry the dispersion equation for MSSW has the form:
In (1) we have one constant parameter d, four variables: k, µ is the magnetic permeability of the medium of the form:
and two ancillary quantities ϑ and β, which are expressed by formulae
where ν is the magnetic susceptibility of the medium having the form:
The quantities Ω and Ω H given in equations (2) and (4) are the normalized wave frequency and the magnetic field respectively:
where γ is the gyromagnetic ratio.
Analysis
Fig . 1 demonstrates the assemblage of dispersion curves for the real and imaginary parts of the wave number obtained by the numerical solution of equation (1) . To plot Fig. 1 the following parameters were used: 4πM = 1750 Gs, H = 437.5 Oe, d = 15 mkm, γ = 1.76 · 10 7 rad/(s · Gs). A set of solid curves represents the dependence of the wave frequency from the real part of the wave number f (η); the family of dashed curves displays the dependence of the frequency from the imaginary part of the wave number f (ξ). Each line in the set is constructed for different values of the damping parameter α.
As Fig. 1 indicates, either set of curves is separated into two subset branches corresponding to dispersion of forward (MSFSW) and backward (MSBSW) waves. Between the MSFSW and MSBSW branches of the dispersion curves f (η) there is a bandgap of width ∆f that is the increasing function of the damping coefficient. Moreover, the frequency range of MSFSW and MSBSW significantly narrows with the increase of α. Besides, there is a limitation to the maximum of η for a given α.
The dispersion curves for the dissipation f (ξ) show that ξ is a monotonically increasing function of the wave frequency, and with an increase of α this dependence becomes more linear.
MSSW dispersion characteristics depend essentially on the direction of the wave propagation. Four special cases corresponding to different values of angles φ are represented in Fig. 1 . Fig. 1(a) illustrates the case when the wave propagates directly perpendicularly to magnetic field direction. In this case all characteristics of MSFSW and MSBSW dispersion mentiond above are clearly occur. Fig. 1(b) displays the case of wave propagation in the direction of straight tilted by the angle φ = 15
• with respect to the axis Oy. The basic regularities in this case are the same as for case φ = 0
• , however the restrictions of wave number and frequency are more enhanced. For example, when α = 0.20, this results in decreasing of the frequency spectrum and the maximum wave number of MSFSW and MSBSW on about a half. This features are not so clear under smaller values of the damping parameter, e.g. if α = 0.05, the frequency spectrum and the maximum wave number of MSFSW and MSBSW are reduced for about 10%. Fig. 1(c) demonstrates, that with the growth of φ for 15
• the frequency spectrum and the maximum wave number of MSFSW and MSBSW keep decreasing. This leads to fact, that MSFSW and MSBSW can not exist under α = 0.20. Fig. 1(d) shows that in further increasing of φ for 5
• MSFSW can not propagate any more in film with α = 0.15, while MSBSW still can be represented.
